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DESCRIPTION 

TUNING-FORK TYPE TRANSDUCER FOR ANGULAR- SPEED SENSOR, 

ANGULAR-SPEED SENSOR USING THE SAME TRANSDUCER, AND 
AUTOMOTIVE VEHICLE USING THE SAME ANGULAR- SPEED SENSOR 

Technical Field 

The present invention relates to a tuning-fork type 
transducer for an angular- speed sensor which realizes a 
stable fork-driving and downsizing of the angular- speed 
sensor, is stable even when it is used under a high- 
temperature environment and, in addition, is able to 
realize control of a vehicle body with high degree of 
accuracy, an angular- speed sensor using this transducer, 
and an automotive vehicle using this angular- speed sensor. 

Background Art 

In the related art, an angular-speed sensor of this 
type is introduced, for example, in Japanese Patent 
Unexamined Publication No . 11-173850 . Fig. 4 is a plan 
view of an angular-speed sensor transducer presented in 
this publication. 

In Fig. 4, tuning-fork type transducer 101 formed of 
silicon includes arms 102, 103. Arms 102, 103 are 
connected by base portion 104. Base portion 104 for 
causing arms 102, 103 to perform fork oscillation in the 
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X-axis direction is formed with drive element members 105 , 

106. Monitor element members 107, 108 are formed on arms 
102, 103 separately for monitoring amplitude of the fork 
oscillation in the X-axis direction of arms 102, 103. 

5 Detection element members 109, 110 are formed on arms 102, 
103 for detecting the angular speed. 

When an alternating-current signal is applied to 
drive element members 105 # 106, arms 102, 103 perform the 
fork oscillation in the X-axis direction. Monitor element 
10 members 107, 108 are provided on arms 102, 103 at outer 
sides of the center lines of the shorter direction thereof. 

Accordingly, monitor element members 107. 108 
generate alternating-current signals of the same phase 
with respect to each other. Arms 102, 103 are controlled 
15 in response to output signals from monitor element members 

107, 108 so as to achieve the fork oscillation of 
predetermined amplitude. When an angular speed is applied 
to arms 102, 103 about a Z-axis thereof when being in fork 
oscillation in the X-axis direction, arms 102, 103 are 

20 bent in a Y-axis direction thereof in the direction apart 
from each other. The magnitude of the applied angular 
speed can be found by detecting the bending by detection 
element members 109, 110. 

In the angular- speed sensor in the related art as 

25 described above, monitor element members 107, 108 are 
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provided separately on arms 102 , 103 at outer sides of the 
center lines thereof. Therefore, the alternating-current 
signals of the same phase with respect to each other are 
generated. Therefore, there arises a problem such that 
5 monitor element members 107, 108 cannot cancel a noise to 
be removed at the time of the fork- driving in the X-axis 
direction, and hence are driven according to monitor 
signals containing the noise mixed therein. 

Since drive element members 105, 106, monitor 

10 element members 107, 108 and detection element members 109, 
110 must be provided independently on tuning-fork type 
transducer 101, it is difficult to realize downsizing of 
the angular- speed sensor. Since driving element members 
105, 106, monitor element members 107, 108, and detection 

15 element members 109, 110 are provided independently on 
tuning-fork type transducer 101, when being used under a 
high- temperature environment as in the case of an 
automotive vehicle, the rate of variation in temperature 
is not uniform among the elements, and hence the 

20 respective elements are subjected to different changes 
over time. Therefore, there arises a problem such that 
the normal angular- speed signal cannot be obtained. 

The invention provides a tuning-fork type transducer 
for an angular- speed sensor which realizes a stable fork- 

25 driving, realizes downsizing of the angular-speed sensor. 
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and is capable of executing control of a vehicle body with 
high degree of accuracy when being used under a high- 
temperature environment, an angular-speed sensor using 
this transducer, and an automotive vehicle using this 
5 angular- speed sensor. 

Disclosure of Invention 

A tuning-fork type transducer for an angular-speed 
sensor according to the invention includes a tuning fork 

10 having two arms and a base portion for connecting the arms 
and being formed of non-piezoelectric material. First 
piezoelectric films are provided on a main surface of at 
least one arm out of two arms which excite the tuning fork 
in the X-axis direction thereof so that upper electrodes 

15 thereof are apart from each other with a center line 
thereof as a boundary. Lower electrodes are formed under 
the first piezoelectric films. The first piezoelectric 
films, the upper electrodes thereof and the lower 
electrodes thereof may be formed on the two arms. However, 

20 it is practical to form the first piezoelectric films on 
one of the two arms, and the structure can be simplified 
thereby. Driving signals having phases reversed from each 
other are supplied to the upper electrodes. 

Second piezoelectric films are formed on a main 

25 surface of at least one of the two arms for monitoring 
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amplitude of the arm in the X-axis direction when the 
tuning fork performs fork-oscillation in the X-axis 
direction with the center line thereof as a boundary. The 
second piezoelectric films are formed with upper 
5 electrodes thereof and lower electrodes thereof so as to 
be apart from each other. Monitor signals having phases 
reversed from each other are outputted from these upper 
electrodes . 

In this arrangement, since the two upper electrodes 
10 of the second piezoelectric films formed on the arm so as 
to be apart from each other with the center line thereof 
as a boundary are formed separately, noise can be 
cancelled when performing fork-driving in the X-axis 
direction. 

15 The second piezoelectric films and the upper 

electrodes thereof and the lower electrodes thereof are 
formed at least on one of the two arms. These members may 
be formed not only on one of the arms , but also on the two 
arms . 

20 In this arrangement, a disadvantage such that a 

driving signal is applied to the upper electrodes provided 
on the first piezoelectric films formed on the arm so as 
to be apart from each other with the center line thereof 
as a boundary on the basis of a monitor signal containing 

25 a noise mixed therein can be eliminated, and hence a 
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stable fork- driving is achieved. 

The first piezoelectric films are also formed on the 
main surface of the arm so as to be apart from each other 
with the center line thereof as a boundary corresponding 
5 to the upper electrodes formed thereon so as to be apart 
from each other with the center line thereof as a boundary. 
The lower electrodes are also formed so as to be apart 
from each other corresponding to the first piezoelectric 
films formed so as to be apart from each other. The 

10 second piezoelectric films are also formed on the arm so 
as to be apart from each other with the center line of the 
arm as a boundary corresponding to the upper electrodes 
formed on the main surface of the arm so as to be apart 
from each other with the center line thereof as a boundary. 

15 The lower electrodes thereof are also formed so as to be 
apart from each other correspondingly to the second 
piezoelectric films formed so as to be apart from each 
other. Since the driver and monitor member are provided 
separately and independently from each other with the 

20 center line of the arm as a boundary, oscillation with 
higher degree of accuracy can be generated in the X-axis 
direction and the Z-axis direction. 

The first piezoelectric films formed on the arm so 
as to be apart from each other with the center line 

25 thereof as a boundary, and the upper electrodes formed 



- 7 - 

thereon are arranged symmetrically with respect to the 
center line of the arm as a boundary. The upper 
electrodes formed on the second piezoelectric films formed 
on the arm so as to be apart from each other with the 
5 center line thereof as a boundary are arranged 
symmetrically with respect to the center line of the arm 
as a boundary. Accordingly, elimination of the noise with 
higher degree of accuracy is achieved by the monitor 
member, the fork-driving with higher stability are 
10 achieved. 

In the tuning-fork type transducer for an angular - 
speed sensor, the upper electrodes, the second 
piezoelectric films and the lower electrodes in pairs 
formed on the arm so as to be apart from each other 

15 respectively with the center line thereof as a boundary 
are arranged symmetrically with respect to the center line 
as a boundary of the tuning fork. Accordingly, an 
advantage such that a large and stable monitor signal can 
be obtained is achieved. 

20 In the tuning-fork type transducer for an angular- 

speed sensor according to the invention, since the tuning 
fork is a tuning-fork type transducer of a sensor formed 
of silicon, and a diffused stable semiconductor process 
technology is employed, an inexpensive transducer having a 

2 5 shape with higher degree of accuracy can be obtained. 
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According to the tuning-fork type transducer for an 
angular-speed sensor, the first piezoelectric films 
including the upper electrodes thereof formed on the arm 
so as to be apart from each other with the center line as 
5 a boundary, the second piezoelectric films including the 
upper electrodes thereof formed on the arm so as to be 
apart from each other with the center line thereof as a 
boundary, and the upper electrodes are arranged at 
positions shifted from the center portion in the length of 
10 the arm in the Y-axis direction toward the proximal side 
thereof. Accordingly, an advantage such that stable fork- 
driving against the disturbing oscillation is possible is 
achieved. 

The angular-speed sensor includes a tuning-fork type 
15 transducer for an angular- speed sensor, a drive circuit, 
and an angular-speed detection circuit. The drive circuit 
includes a first amplifier for amplifying signals acquired 
from the second piezoelectric films formed on the arm so 
as to be apart from each other with the center line 
20 thereof as a boundary, and the upper electrodes formed 
thereon respectively. The first amplifier is not a single 
amplifier, and may be configured, for example, with two 
amplifying means which is referred to as a current 
amplifier . 

25 A differential amplifier is provided for 
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differentially amplifying the output signal from the first 
amplifier. An AGC circuit to which an output signal from 
the differential amplifier is fed, and a second amplifier 
to which an output signal from the AGC circuit is fed are 
5 provided. The second amplifier supplies driving signals 
having the phases reversed from each other are supplied to 
the respective upper electrodes formed on the first 
piezoelectric films formed on the arm so as to be apart 
from each other with the center line thereof as a boundary. 

10 The angular- speed detection circuit provided 

separately from the drive circuit includes an adder in 
which either one of respective signals acquired from the 
first amplifier or respective signals acquired from the 
first piezoelectric films formed on the arm bent in the Z- 

15 axis direction of the arm so as to be apart from each 
other with the center line as a boundary and the upper 
electrodes formed thereon are added. A phase shifter for 
shifting the phase of the output signal from the adder and 
a synchronous demodulator for synchronously demodulating 

20 the output signal from the phase shifter on the basis of 
the output signal from the first amplifier or the output 
signal from the differential amplifier is provided. 

In this arrangement, a structure for detecting the 
angular speed is not necessary, and hence downsizing of 

25 the angular- speed sensor can be realized and provided. 
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The angular-speed sensor according to the invention 
includes a tuning-fork type transducer for an angular- 
speed sensor, a drive circuit, and an angular- speed 
detection circuit. The drive circuit includes a first 
5 amplifier for amplifying signals acquired from the second 
piezoelectric films formed on the arm so as to be apart 
from each other with the center line as a boundary and the 
upper electrodes provided thereon respectively, and a 
first differential amplifier for differentially amplifies 

10 the output signal from the first amplifier. The first 
amplifier is not a single amplifier and may be configured 
with two amplifying means which is referred to as a 
current amplifier. 

An AGC circuit to which an output signal from the 

15 first differential amplifier is fed, and a second 
amplifier to which an output signal from the AGC circuit 
is fed are provided. The second amplifier supplies 
driving signals having the phases reversed from each other 
to the first piezoelectric films formed on the arm so as 

20 to be apart from each other with the center line thereof 
as a boundary, and the respective upper electrodes formed 
thereon. 

The angular- speed detection circuit provided 
separately from the drive circuit is provided with the 
25 second piezoelectric films formed on the arm, which is 
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bent in the Z-axis direction thereof when an angular speed 
Q is applied to the arm about the Y-axis, so as to be 
apart from each other with the center line thereof as a 
boundary. The respective signals acquired from the upper 
5 electrodes formed on the second piezoelectric films are 
amplified by the first amplifier. The amplified signals 
are added and combined in the first adder. 

The angular-speed detection circuit includes a third 
amplifier for amplifying respective signals acquired from 
10 the first piezoelectric films and the upper electrodes 
formed thereon. A second adder for adding and combining 
the respective amplified signal is provided. The signal 
obtained by being added and combined in the second adder 
is amplified by the second differential amplifier. The 
15 output signal from the second differential amplifier is 
fed to the phase shifter and shifted by a predetermined 
phase. A synchronous demodulator for demodulating the 
output signal from the phase sifter by the output signal 
from the first amplifier or the output signal from the 
20 first differential amplifier is provided. In this 

arrangement, an advantage such that a larger angular- speed 
signal can be detected without additionally providing a 
circuit unit for detecting the angular speed is achieved. 

An automotive vehicle according to the invention 
25 employs the angular- speed sensor as a sensor for detecting 
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at least any one of yaw rate, rolling and pitching . Since 
the angular- speed sensor includes the portion for 
executing driving, the portion for detecting the reference 
signal (monitor signal) for controlling driving, and the 
5 portion for detecting the angular- speed signal as a common 
element, when it is used under a high- temperature 
environment as the automotive vehicle, the rate of 
temperature change can be maintained substantially 
constant even when the electric element which constitute 
10 the angular- speed sensor is subjected to changes over time. 
Therefore, an advantage such that the angular- speed signal 
is not substantially affected is achieved. 

Brief Description of the Drawings 

15 Fig. 1 is an exploded perspective view of a tuning- 

fork type transducer for an angular- speed sensor according 
to an embodiment of the invention. 

Fig. 2 is a cross -sectional view of the same 
transducer taken along the line 2-2 shown in Fig. 1. 

20 Fig. 3 is a circuit diagram of an angular- speed 

sensor using the same transducer. 

Fig. 4 is a plan view of a transducer of an angular- 
speed sensor in the related art . 
Reference Numerals 

25 1 tuning-fork type transducer 
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10a , 10b arms 

11a, 12a, 13a, 14a, upper electrodes 

lib, 12b first piezoelectric films 

11c, 12c, 13c, 14c lower electrodes 

5 lid, 12d, 13d, 14d conductive members 

13b, 14b second piezoelectric films 

18 base portion 
30, 31 center lines 

32 , 33 main surface 

10 40a, 40b current amplifiers 

41 first differential amplifier 

42 full -wave rectifier 

43 AGC circuit 

44 amplifier 

15 45 reversing amplifier 

4 6 drive circuit 

60 adder 

65 phase shifter 

66 synchronous demodulator 
20 67 low-pass filter 

68 terminal 

69 angular- speed detection circuit 



Best Mode for Carrying Out the Invention 
25 Referring now to the drawings, an embodiment of the 
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invention will be described below. 
( Embodiment ) 

Fig. 1 is an exploded perspective view of a tuning- 
fork type transducer for an angular- speed sensor according 
5 to an embodiment of the invention; Fig. 2 is a cross - 
sectional view of the same transducer taken along the line 
2-2 shown in Fig. 1; and Fig. 3 is a circuit diagram of an 
angular- speed sensor using the same transducer. 

In Fig. 1 # tuning-fork type transducer 1 for an 

10 angular- speed sensor according to the invention includes 
arms 10a, 10b formed of non-piezoelectric material such as 
silicon. The lower portions of arms 10a, 10b in a 
longitudinal direction thereof, that is, the Y-axis 
direction when viewing Fig. 1 in a normal vision are 

15 connected by base portion 18. At a substantially center 
positions of arms 10a, 10b in the direction of the shorter 
side thereof, that is, in the X-axis direction, center 
lines 30, 31 of arms 10a, 10b are shown. Longitudinal 
surfaces of arms 10a, 10b are designated as main surfaces 

20 32, 33. 

We now give an eye to arm 10a. Lower layer 
electrodes 11c, 12c are formed on main surface 32 of arm 
10a almost symmetrically with respect to center line 30 so 
as to be apart from each other. First piezoelectric films 
2 5 lib, 12b are formed by polarizing a film surface formed of 
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PZT in the vertical direction, and formed on lower 
electrodes 11c, 12c separately. Upper electrodes 11a, 12a 
have a function as driving electrodes and are formed on 
first piezoelectric films lib, 12b separately. Conductive 
5 members lld # 12d are connected to upper electrodes 11a, 
12a separately, and are arranged on the lower end side of 
arm 10a, that is, at a position close to base portion 18. 

Subsequently, we give an eye to arm 10b. Lower 
electrodes 13c 14c are formed on a main surface of arm 10b 

10 so as to be apart from each other with respect to center 
line 31 as a boundary. Second piezoelectric films 13b, 
14b are both formed by polarizing a film surface formed of 
PZT in the vertical direction, and formed on lower 
electrodes 11c, 12c separately. Upper electrodes 13a, 14a, 

15 being upper electrodes for acquiring monitor signals and 
angular-speed detection signals, are formed separately on 
second piezoelectric films 13b, 14b. 

Conductive members 13d, 14d are connected to upper 
electrodes 13a, 14a separately, and are arranged at a 

20 lower end portion of arm 10b, that is, at a position close 
to base portion 18. Conductive members 13d, 14d and 
conductive members lid, 12d are arranged almost 
symmetrically with the intermediary of base portion 18. 

A driver provided on arm 10a includes upper 

25 electrodes 11a, 12a, first piezoelectric films lib, 12b 
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and lower electrodes 11c, 12c. A pair of the drivers is 
arranged symmetrically with respect to center line 30 as a 
boundary. In the same manner, upper electrodes 13a , 14a, 
second piezoelectric films 13b, 14b and lower electrodes 
5 13c, 14c are arranged on arm 10b as well symmetrically 
with respect to center line 31 as a boundary. Arms 10a 
and 10b are arranged in lateral symmetry with respect to 
center portion lc of tuning-fork type transducer 1 as a 
boundary . 

10 A structure of tuning-fork type transducer 1 shown 

in Fig. 1 is such that first piezoelectric films lib, 12b, 
upper electrodes 11a, 12a thereof, and lower electrodes 
11c, 12c thereof are arranged on one of two arms, that is, 
on arm 10a. Second piezoelectric films 13b, 14b, upper 

15 electrodes 13a, 14a thereof, and lower electrodes 13c, 14c 
thereof are arranged on the other arm, that is, on arm 10b. 
However, there are several choices in combination of 
arrangement which can be selected by those skilled in the 
art within a range of designing. For example, at least 

20 one of the first piezoelectric film and the second 
piezoelectric film may be formed on the two arms, instead 
of forming on one of the arms . 

In Fig. 1, upper electrodes 11a, 12a as driving 
electrodes are formed on one arm 10a and upper electrodes 

25 13a, 14a for acquiring monitor signals and angular-speed 
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detection signals are formed on the other arm 10b, so that 
these electrodes are formed separately and independently. 
However, these electrodes may be formed on the same arm. 

Fig. 2 is a cross -sectional view taken from a line 
5 of 2-2 in a tuning-fork type transducer 1 shown in Fig. 1. 
The same parts as in Fig. 1 are represented by the same 
reference numerals. Arm 10a shown on the left side in Fig. 
2 in a normal vision includes outside 30a and inside 30b 
with respect to center line 30 thereof. Arm 10a includes 

10 main surface 32. Lower electrode 11c is formed on main 
surface 32 on outside 30a of arm 10a. Piezoelectric film 
lib formed by polarizing the film surface of PZT in the 
vertical direction is formed on lower electrode 11c, and 
upper electrode 11a as a driving electrode is formed 

15 thereon. 

In the same manner, lower electrode 12c, poled 
piezoelectric film 12b and upper electrode 12a are formed 
on main surface 32 of inside 30b of arm 10a in this order. 

Arm 10b shown on the right side in Fig. 2 in normal 

20 vision includes outside 31a and inside 31b with respect to 
center line 31 as a boundary. Arm 10b includes main 
surface 33. Lower electrode 13c is formed on main surface 
33 of outside 31a of arm 10b. Piezoelectric film 13b 
formed by polarizing the film surface of PZT in the 

25 vertical direction is formed on lower electrode 13c, and 
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upper electrode 13a as a driving electrode is formed 
thereon . 

In the same manner, lower electrode 14c, poled 
piezoelectric film 14b and upper electrode 14a are formed 
5 on main surface 33 of inside 31b of arm 10b in this order. 

A detector includes a lower electrode (not shown) 
provided on main surface 32 of arm 10a, a piezoelectric 
film (not shown) formed by polarizing the film surface of 
PZT provided on the lower electrode in the vertical 
10 direction, and an upper electrode (not shown) provided on 
the piezoelectric film. In the same manner, on main 
surface 33 of arm 10b, a lower electrode (not shown), a 
piezoelectric film (not shown) formed by polarizing the 
film surface of PZT provided on the lower electrode in the 
15 vertical direction, and an upper electrode (not shown) 
provided on the piezoelectric film are formed. 

The detector in this arrangement is provided almost 
symmetrically as well on left and right arms 10a, 10b with 
respect to center line lc of tuning-fork type transducer 1 
20 as a boundary. 

In the same manner, a piezoelectric film (not shown) 
formed by polarizing the film surface of PZT and a lower 
electrode (not shown) are formed under monitor electrode 
17. 

25 Fig. 3 is an angular-speed sensor circuit according 
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to the invention. The angular- speed sensor circuit 
includes three components of tuning-fork type transducer 1, 
drive circuit 46, and angular-speed detection circuit 69. 
Since a basic structure of tuning-fork type transducer 1 
5 shown on the upper left side in Fig. 3 in normal vision is 
the same as that shown in Fig. 1 # detailed description 
will be omitted. 

Drive circuit 46 shown on a lower center portion in 
Fig. 3 in normal vision includes current amplifiers 40a, 
10 40b, first differential amplifier 41, full-wave rectifier 
42, AGC circuit 43, amplifier 44 and reversing amplifier 
45. 

A signal is fed to current amplifier 40a from 
conductive member 13d provided on the lower end side of 

15 arm 10a. A signal is fed to current amplifier 40b from 
conductive member 14d. Current amplifiers 40a, 40b are 
considered in combination as first amplifier instead of 
independent amplifiers . 

An output signal from current amplifier 40a as one 

20 of the first amplifier is fed to one of the inputs of 
first differential amplifier 41. An output signal from 
current amplifier 40b in the first amplifier is fed to the 
other input. The output signal from first differential 
amplifier 41 is fed to AGC circuit 43 and full-wave 

25 rectifier 42. AGC circuit 43 controls an amplitude of a 
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driving signal so that the magnitude of the amplitude of 
fork-oscillation of arms 10a, 10b in the X-axis direction 
so as to be set to a predetermined value. Full-wave 
rectifier 42 rectifies and smoothes the output signal from 
5 the first differential amplifier 41. An output signal 
from AGC circuit 43 is fed to amplifier 44. The output 
signal from amplifier 44 is, for example, a positive drive 
signal, and the drive signal is supplied via conductive 
member lid to upper electrode 11a. The output signal from 

10 amplifier 44 is also fed to reversing amplifier 45. As 
the output signal from reversing amplifier 45, for example, 
a negative drive signal is acquired and the drive signal 
is supplied via conductive member 12d to upper electrode 
12a. The respective drive signals supplied to upper 

15 electrodes 11a, 12a have phases reversed from each other, 

that is, a phase difference of 180°, and the amplitudes 
thereof are set to almost the same. 

Angular- speed detection circuit 69 shown on the 
upper right side in Fig. 3 in normal vision includes adder 

20 60, phase shifter 65, synchronous demodulator 66, low-pass 
filter 67, and terminal 68. Two output signals from 
current amplifier 40a and current amplifier 40b which 
constitutes a part of drive circuit 46 are fed to adder 60, 
where the output signals are added and combined. The 

25 phase of the combined signal added in adder 60 is shifted 
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by a predetermined magnitude by phase shifter 65. The 
output signal from phase shifter 65 is fed to synchronous 
demodulator 66. An output signal from differential 
amplifier 41 is fed to synchronous demodulator 66 , and on 
5 the basis of the output signal, the output signal from 
phase shifter 65 are synchronously demodulated. An output 
signal from synchronous demodulator 66 is fed to low-pass 
filter 67. 

Referring now to Fig. 3, the operation of a fork- 

10 oscillation relating to the angular-speed sensor of the 
invention will be described. The phases of a positive 
driving signal to be supplied to upper electrode 11a 
formed on the side of tuning-fork type transducer 1 and a 
negative driving signal to be supplied to upper electrode 

15 12a have a relation reversed from each other, that is, the 
phase difference is maintained at 180° # and the magnitudes 
of these amplitudes are set to about the same value. 

Under such a condition setting, when the 
piezoelectric film lib is bent in the Y-axis direction of 

20 arm 10a with center line 30 of arm 10a as a boundary, a 
force to bend arm 10a in the X-axis direction (outward 
direction) is generated. At the same time, a force to 
bend in the Z-axis direction (the direction from the inner 
side toward the near side) is also generated. Since the 

25 piezoelectric film 12b is expanded in the Y-axis direction 
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with center line 30 of arm 10a as a boundary, a force to 
bend arm 10a in the X-axis direction (outward direction) 
is generated. Simultaneously, a force to bend the same in 
the Z-axis direction (the direction from the inner side 
5 toward the near side) is also generated. Consequently, 
forces to bend the left and right portions of arm 10a 
oppositely in the Z-axis direction with center line 30 of 
arm 10a as a boundary are balanced, and compensated, and 
hence oscillation in the X-axis direction (outward 

10 direction) is generated. 

When arm 10a acts as described above, arm 10b 
oscillates in the X-axis direction (outward direction) 
which is opposite from arm 10a by the fork-oscillation. 
Therefore, second piezoelectric film 13b is contracted in 

15 the Y-axis direction with center line 31 of arm 10b as a 
boundary and, in contrast, second piezoelectric film 14b 
is expanded in the Y-axis direction. Accordingly, 
electric charges according to the amplitude of fork- 
oscillation having opposite phase from each other and the 

20 same magnitude are generated on upper electrodes 13a, 14a. 

The electric charges generated on upper electrodes 
13a, 14a are amplified by current amplifiers 40a, 40b 
respectively, and then the output signals therefrom are 
amplified by first differential amplifier 41. Accordingly, 

25 a large monitor signal for monitoring the amplification of 
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the fork-oscillation can be obtained. In addition, a 
noise generated at the time of fork-oscillation in the X- 
axis direction can be cancelled since upper electrode 13a 
and upper electrode 14a are arranged symmetrically with 
5 respect to center line 31 of arm 10b as a boundary. 

Therefore, a disadvantage such that a noise is mixed 
into the monitor signal and the driving signal affected 
thereby is supplied to upper electrodes 11a, 12a can be 
eliminated, and hence stable fork-driving is achieved. 

10 Even when arm 10b is bent in the Z-axis direction to some 
extent by disturbance, since electric charges having the 
same phase and the same magnitude are generated on upper 
electrodes 13a, 14a, and these electric charges are also 
cancelled, the operation to perform fork- driving in the X- 

15 axis direction is not affected. 

Subsequently, a principle of detecting an angular- 
speed signal will be described. When an angular speed Q 
is applied to arms 10a, 10b about the Y-axis when they are 
in fork-oscillation in an X-Y plane, arms 10a, 10b are 

20 bent in the opposite direction from each other in the Z- 
axis direction by a Corioli 9 s force. Therefore, electric 
charges of the same phase and the same magnitude on the 
basis of the Corioli' s force are generated on upper 
electrodes 13a, 14a formed on arm 10b. Electric charge 

25 generated on upper electrodes 13a, 14a are amplified 
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respectively by current amplifiers 40a , 40b, and then the 
output signals therefrom are added by adder 60, Then, the 
added signal is fed to phase shifter 65. The output 
signal from phase shifter 65 is synchronously demodulated 
5 by the synchronous demodulator 6 6 the output signal from 
first differential amplifier 41. The output signal from 
synchronous demodulator 66 is introduced toward the 
outside as an angular- speed signal from terminal 68 
through low-pass filter 67. 

10 In this arrangement, since the electric charges 

having the opposite phases from each other and the same 
magnitude are added with the output signals from current 
amplifiers 40a, 40b by adder 60 and hence cancelled, a 
signal on the basis of the Corioli's force can be 

15 extracted as a monitor signal generated on upper 
electrodes 13a, 14a according to the amplitude of the 
fork-oscillation in the X-axis direction. In this 

arrangement, a configuration for detecting the angular 
speed is not necessary, and hence downsizing of the 

20 angular- speed sensor can be provided. 

The example in which the detector for detecting the 
monitor signal is provided on arm 10b has been described 
in the invention. However, it is also possible to provide 
another pair of detectors for detecting the monitor signal 

25 on arm 10a. Accordingly, a larger and stable monitor 
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signal can be obtained. 

The configuration for detecting the angular speed 
from upper electrodes 13a, 14a provided on arm 10b has 
been described in the invention. In the same manner, it 
5 is also possible to employ a configuration in which the 
angular speed is detected from upper electrodes 11a, 12a 
provided on arm 10a. A first added signal can be obtained 
by amplifying the output signals from upper electrodes 13a, 
14a provided on arm 10b bent in the Z-axis direction by 

10 current amplifiers 40a, 40b respectively, and then adding 
the respective output signals from current amplifiers 40a, 
40b by adder 60. 

A second added signal can be obtained by amplifying 
the output signals from upper electrodes 11a, 12a provided 

15 on arm 10a which is bent in the Z-axis direction and in 
the opposite direction from arm 10b by current amplifier 
(not shown) as third amplifier respectively, and then 
adding the respective output signals from these current 
amplifiers by an adder (not shown) different from adder 60. 

20 The first added signal and the second added signal 

described above are differentially amplified by a second 
differential amplifier (not shown) , and the output signal 
from the second differential amplifier is fed to phase 
shifter 65. Then, the output signal from phase shifter 65 

25 is synchronously demodulated by synchronous demodulator 66 
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by the output signal from first differential amplifier 41. 
It is also possible to configure in such a manner that the 
output signal from synchronous demodulator 66 is passed 
through low-pass filter 67 from terminal 68 and outputted 
5 toward the outside as an angular-speed signal. 

Accordingly, a larger angular-speed signal can be 
detected without adding a circuit unit for detecting the 
angular speed. 

The example in which the driver is provided on one 

10 of the arms has been described in the invention. However, 
the driver must simply be provided at least on the main 
surface of at least one of the arms. In the same manner, 
the monitor member must simply be provided on the main 
surface of at least one of the arms. 

15 The example in which the driver and the monitor 

member are provided on one of the arms independently with 
the center line thereof as a boundary has been described. 
However, at least the upper electrodes thereof must simply 
be provided on the arm so as to be apart from each other 

20 with the center line thereof as a boundary. As long as 
the driver and the monitor member are provided 
independently with the center line of the arm as a 
boundary, oscillation in the X-axis direction and the Z- 
axis direction can be generated with higher degree of 

2 5 accuracy. 
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Since the structure in which the driver and the 
monitor member are disposed in the vicinity of the 
proximal side with respect to the center portion of the 
arm in the longitudinal direction, that is, in the Y-axis 
5 direction is employed, a high degree of safety is achieved, 
and stable fork-driving against the disturbing oscillation 
is possible. 

The example in which silicon as one of the non- 
piezoelectric materials is employed as the tuning-fork 

10 type transducer in view of such a circumstance that an 
inexpensive transducer having a shape with higher degree 
of accuracy can be obtained by using a semiconductor 
processing technology which is often used in general has 
been described. However, the invention is not limited 

15 thereto. For example, it is also possible to use diamond, 
fused quartz, alumina, GaAs , and so on. Alternatively, it 
is also possible to use piezoelectric material such as 
crystal quartz, LiTa0 3 , LiNb0 3 , and so on. 

The angular- speed sensor according to the invention 

20 is described as including the portion for detecting the 
reference signal (monitor signal) for controlling the 
driving and the portion for detecting the angular- speed 
signal as a common element. In a case in which it is 
employed as a sensor for detecting at least any one of yaw 

25 rate, rolling and pitching under a high- temperature 
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environment such as an automotive vehicle, even when the 
element is affected by changes over time, the temperature 
changes at the respective elements can be maintained 
uniformly. Therefore, since the angular- speed signal can 
5 keep down the influence of the temperature change, an 
automotive vehicle in which the vehicle body is controlled 
with extremely high degree of accuracy or an automotive 
vehicle which can achieve a high degree of safety is 
realized. It is the same even with the angular- speed 
10 sensor including the portion for executing driving and the 
portion for detecting the angular-speed signal as a common 
element . 

Industrial Applicability 

15 An automotive vehicle including the tuning-fork type 

transducer for an angular- speed sensor, an angular- speed 
sensor using this transducer, and an automotive vehicle 
using this angular- speed sensor can realize the stable 
fork-driving, achieve downsizing of the angular- speed 

20 sensor, and realize a control of vehicle body with 
extremely high degree of accuracy also in usage under the 
high- temperature environment. Therefore, the industrial 
applicability thereof is high. 



